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(54) Amplifier for cancelling noise between circuit systems 



(57) A reference potential difference canceling cir- 
cuit (3) is provided in a circuit system (1 1) of a transmit- 
ter side to remove noise caused by impedance Z 
between circuit systems (11, 12) having different refer- 
ence potentials (13, 14) from a signal, and to transmit 
the signal. The reference potential (14) of the circuit 
system (1 2) of a receiver side is supplied to an input ter- 



minal (IN) of the reference potential difference canceling 
circuit (3), and its output terminal (OUT) is connected to 
an input terminal of an output amplifier (1) to which a 
transmitting signal (ei1) is input. A gain of the reference 
potential difference canceling circuit (3) is set to a recip- 
rocal number of a gain of the output amplifier (1). 
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Description 

The present invention relates to an amplifier for canceling noise generated between circuit systems, and particu- 
larly to an analog amplifier, which is applied to, for example, an audio circuit, for preventing noise from being generated 

5 to an analog output signal to be sent to the other systems having a different reference potential based on a difference 
between two circuit systems in the reference potential. 

In recent years, an electronic circuit system has become increasingly complicated. In many cases, the circuit is 
formed on a plurality of circuit boards, and these plurality of circuit systems are connected by a connection line. In the 
case of connecting the reference potentials, e.g., ground potentials, of different circuit systems, by the connection line, 

10 there occurs a case in which a current flows between the reference potentials or a case in which the connection line 
acts as an antenna to cause noise to be carried on the connection line. As a result, in many cases, a potential difference 
occurs between the reference potentials of the different circuit systems. The potential difference generally includes an 
unfavorable noise component. As a result, particularly, the analog circuit is largely damaged. 

Moreover, in accordance with the circuit digitalization. there is frequently used a system in which the analog circuit 

is and the digital circuit are mixed. In the digital circuit, since a signal receiving and transmitting is carried out by a pulse 
having large amplitude of 3 to 5V, large nose is generated. In this case, since noise, which is generated between the 
reference potentials, becomes extremely large, the performance of the analog circuit may extremely deteriorated. 
Therefore, it is very important to prevent the analog section from being unfavorably influenced by such noise. 

FIG. 15 shows a mechanism in which noise is generated between reference potentials of two circuit systems each 

20 formed on a different circuit boards, that is, ground potentials. Arrows illustrated between two circuit systems 111 and 
112 show a direction where a signal is received and transmitted. It is assumed that the total amount of current 11 flows 
in transmitting a signal from the first circuit system 1 1 1 to the second signal system 112 and that the total amount of 
current 12 flows in transmitting a signal from the second circuit system 1 12 to the first circuit system 1 1 1 . As a result, 
the current of 11 - 12 flows into a connection line between reference potentials 1 13 and 1 14 of two circuit boards in a 

25 direction from the first circuit system 11 1 to the second circuit system 1 1 2. If the connection line serves as an antenna, 
a current In, which is generated by noise to enter in a form of a radio wave, also flows into the connection line between 
the reference potentials. If the connection line between the reference potentials has impedance Z, a reference potential 
difference Vx between two circuit systems can be expressed by the following equation: 

30 Vx = Zx (12 -11 + ln) 

In this equation, currents 11 and 12 are surely generated in receiving and transmitting the signal. The current 11 and 
12 are increased as the system is enlarged and the number of digital circuits is increased. The current In is also 
increased as the number of the digital circuits is increased, unnecessary amount of radiation is increased and the ref- 
35 erence potential connection line becomes long. Moreover, impedance Z is also increased as the connection line 
between the reference potentials becomes long. Therefore, it can be considered that the reference potential cfifference 
Vx becomes large as the scale of the system and the digital section of the System become large. 

The DC component of the reference potential difference Vx can be cut by a coupling condenser. However, the AC 
component is superimposed on the signal component in receiving and transmitting the analog signal. As a result, trans- 
40 mission property is deteriorated. 

In order to solve such a problem, a signal receiving and transmitting circuit of a differential output type is conven- 
tionally used. FIG. 14 shows one example of such a signal receiving and transmitting circuit. This type of the signal 
receiving and transmitting circuit comprises an amplifier, a cOfferential amplifier 104, and two signal lines. The amplifier 
is provided at an output stage of the first circuit system 1 1 1 of the signal output side. The amplifier comprises inverting 
45 type analog amplifiers 101 , 1 02. and 103 for generating differential signals eo+ and eo- of a signal ei1 to be transmitted. 
The differential amplifier 104 is provided at an input stage of the second circuit system 1 12 of the signal input side. The 
differential signals eo+ and eo- are input to the differential amplifier 104. Two signal lines transmit the differential sig- 
nals. This type of the circuit transmits the signal in the form of a differential signal, and receives the signal in the form 
of a differential signal. As a result, the noise component, which is generated since the reference potentials are not corn- 
so mon, is canceled. More specif icaily, in FIG. 14. it is assumed that the following equations are set: 

R102/R101 =1, R104/R103= R106/R105 = A 

As a result, the potentials eo+ and eo- of the first circuit system, which are seen from the reference potential 113 
55 of the first circuit system, can be obtained as follows: 

eo+ = A x ei1. eo- = -A x ei1 

The potentials eo+ and eo-, which are seen from the differential amplifier 104 of the second circuit system 112, are 



2 



BNSCOCtD: <EP 0609353A2J_> 



< 



EP 0 809 353 A2 

based on the reference potential 1 14 of the second circuit system, and these potentials can be obtained as follows: 

eo+ = A x ei1 + Vx, eo- = -A x ei1 + Vx 

5 If the gain of the differential amplifier 1 04 of the second circuit system is A\ an output potential eo2 of the differential 

amplifier 104 can be obtained as follows. 

eo2 = A' [(eo+) - (eo-)] 
= A' [Aei1 + Vx) - (-Aeil + Vx)] 
10 = A' x 2Aei1 

Thus, noise Vx can be prevented from appearing in the output potential eo2. 

However, in the conventional circuit, three output amplifiers and two signal lines are needed in the transmitter side 
and the differential input amplifier is needed in the receiver side. As a result the manufacturing cost and the circuit 
75 occupying area are increased. 

An object of the present invention is to provide a circuit for receiving and transmitting a signal without an increasing 
manufacturing cost and a circuit occupying area and generating a noise component. 

The object can be achieved by the following structure. 

There is provided an amplifier comprising: 

20 

a first circuit system having an analog amplifier for amplifying a transmitting signal based on a reference potential 
of the first circuit system; 

a second circuit system for receiving an output signal of the analog amplifier based on a reference potential of the 
second circuit system; and 

25 a reference potential difference canceling circuit wherein the reference potential of the second circuit system is sup- 
plied to an input terminal, an output signal is supplied to the input terminal of the analog amplifier together with the 
transmitting signal, and a gain, from the input terminal to an output terminal of the analog amplifier, is 1 . 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
30 the accompanying drawings, in which: 

FIG. 1 is a view showing an embodiment of the present invention; 

FIG. 2 is a view showing an embodiment of the present invention using an inverting type amplifier; 
FIG. 3 is a view showing an embodiment of the present invention using an inverting type amplifier of a single power 
35 supply; 

FIG. 4 is a view showing an embodiment of the present invention using a non-inverting type amplifier; 

FIG. 5 is a view showing another embodiment of the present invention using a non-inverting type amplifier; 

FIG. 6 is a view showing an embodiment of the present invention using a differential amplifier; 

FIG. 7 is a view showing an embodiment of the present invention using a differential amplifier of a single power sup- 

40 ply; 

FIG. 8 is a view showing an embodiment of the present invention using an inverting type amplifier and an input line 
for a reference potential difference canceling circuit in common; 

FIG. 9 is a view showing an embodiment of the present invention using a non-inverting type amplifier and an input 
line for a reference potential difference canceling circuit in common; 
45 FIG. 10 is a view showing an embodiment of the present invention using an inverting type amplifier and a reference 
potential difference canceling circuit in common; 

FIG. 1 1 is a view showing an embodiment of the present invention using a non-inverting type amplifier and a refer- 
ence potential difference canceling circuit in common; 

FIG. 12 is a view showing an embodiment of the present invention using a switched capacitor in an inverting type 
so amplifier; 

FIG. 13 is a view showing the relationship between the switched capacitor and resistance; 
FIG. 1 4 is a view showing a prior art; and 

FIG. 15 is a view showing a mechanism for generating the reference potential difference between two circuit sys- 
tems. 



55 



The following will explain the embodiments of the present invention with reference to the drawings. 
FIG. 1 shows an embodiment of the present invention. In the following explanation, the same reference numerals 
are added to the structural elements in common to each other, and the specific explanation will be omitted. 

In the embodiment shown in FIG. 1 , each of first and second circuit systems 1 1 and 1 2 is formed on a different cir- 
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cuit board. The reference potential of the first circuit system 1 1 is different from that of the second circuit system 12. An 
analog signal is transmitted from the first circuit system 1 1 to the second circuit system 12. 

A reference potential 13 of the first circuit system 1 1 and a reference potential 14 of the second circuit system 12 
are normally set to a ground potential. In FIG. 1, these reference potentials are shown by a different ground potential 
5 mark. These two systems are electrically connected to each other through impedance Z formed between the reference 
potentials 13 and 14. Noise Vx is generated between both ends of impedance 2 by the above-mentioned reason. 

In the first circuit system 1 1 f a signal ei1 is supplied to an input terminal of an analog amplifier 1 whose gain is A. 
An output signal of the analog amplifier 1 is transmitted to the second circuit system 12 to be supplied to an input ter- 
minal of an analog amplifier 2. If there is no reference potential difference canceling circuit 3, an input signal of the ana- 
10 log amplifier 2 of the second circuit system becomes A x eil + Vx by providing that the reference potential of the 
second circuit system is set as a reference. As a result, the difference Vx between the reference potentials 13 and 14 
of two circuit systems is directly input to the second circuit system 12. Then, the reference potential difference canceling 
circuit 3 whose gain is 1/A is provided in the first circuit system 1 1 . An input terminal of the circuit 3 is connected to a 
ground point 14, which is the reference potential of the second circuit system 12. Then, an output signal of the circuit 3 
75 is supplied to the input terminal of the analog amplifier 1 with the signal eil . 

In this case, the reference potential 13 of the first circuit system is set as a reference, so an output signal eo1 of the 
analog amplifier 1 becomes as follows: 

eo1 = A x eil + A x (1/A) x (-Vx) 
20 =Axei1-Vx 

The reference potential 14 of the second circuit system is set as a reference, so an input signal ei2 of the analog 
amplifier 2 becomes as follows: 



25 ei2 = A x eil - Vx + Vx 

= Axeil 

In this way, noise component Vx can be removed. 

According to the above-mentioned embodiment, one analog amplifier and the simple reference potential difference 
30 canceling circuit are used, so that the signal can be received and transmitted between the different circuit systems with- 
out generating the noise component. As a result, it is unnecessary to provide an amplifier for generating a differential 
signal and an amplif ter for receiving the differential signal. Thereby, the manufacturing cost and the circuit occupying 
area can be reduced. 

FIG. 2 shows an embodiment of the present invention using an inverting type amplifier as the analog amplifier 1 
35 shown in FIG. 1. 

In the first circuit system 1 1 . the signal eil is supplied to one end of a resistor R1 , and the other end of the resistor 
R1 is connected to an inverting input terminal of an operational amplifier 21. The inverting input terminal of the opera- 
tional amplifier 21 is connected to one end of a resistor R2, and the other end of the resistor R2 is connected to an out- 
put terminal of the operational amplifier 21 . The output terminal of the operational amplifier 21 is connected to an input 

40 terminal of the analog amplifier 2 of the second circuit system. The reference potential 14 of the second circuit system 
12 is supplied to the input terminal IN of the canceling circuit 3 of the first circuit system 1 1 . The canceling circuit 3 is a 
potential divider using the resistor. In the canceling circuit 3, a resistor R3 is provided between the input terminal IN and 
the output terminal OUT. A resistor R4 is provided between the output terminal OUT and the reference potential 13 of 
the first circuit system. The output terminal OUT of the canceling circuit 3 is connected to a non-inverting input terminal 

45 of the operational amplifier 21. 

In this embodiment, gain A- of the analog amplifier 1 , which is seen from the inverting input signal of the operational 
amplifier 1 , that is, one end of the resistor R1 , is as follows: 

A- = -R2/R1 

50 

Moreover, gain A+ of the analog amplifier 1 , which is seen from the non-inverting input signal of the analog amplifier 
1. that is, the non-inverting input terminal of the operational anplifier 21 , is as follows: 

A+ = (R1 + R2)/R1 

55 

Therefore, in the canceling circuit 3. it is assumed that the following equation is given: 

R4/(R4 + R3) = 1/(A+) 
= R1/(R1 + R2) 
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Le: R4/R3 = R1/R2 

As a result, the gain, which is from the input terminal IN of the canceling circuit 3 to the output terminal of the analog 
amplifier 1, becomes 1. In this case, the reference potential 13 of the first circuit system is set as a reference, so the 
output potential eo1 of the analog amplifier 1 becomes as follows: 

5 

eo1 =(-R2/R1) x ei1 - Vx 

Therefore, the reference potential 14 of the second circuit system is set as a reference, so the input potential ei2 of 
the analog amplifier 2 becomes as follows: 

10 

ei2 = (-R2/R1) x ei1 - Vx + Vx 
= (-R2/R1) x ei1 

In this way, noise Vx can be canceled. 
is According to the above-mentioned embodiment, one analog amplifier and the simple reference potential difference 
canceling circuit are used, so that the signal can be received and transmitted between the different circuit systems with- 
out generating the noise component. As a result, it is unnecessary to provide an amplifier for generating a differential 
signal and an amplifier for receiving the differential signal. Thereby, the manufacturing cost and the circuit occupying 
area can be reduced. 

20 FIG. 3 shows an embodiment of the present invention using an inverting input type amplifier as the analog amplifier 
1 of a single power supply. 

The analog amplifier 1 of this embodiment comprises an operational amplifier 21, and resistors R1 and R2, and is 
the same as the analog amplifier of FIG. 2. The signal ei1 is supplied to one end of the resistor R1 , and the other end 
of the resistor R1 is connected to an inverting input terminal of the operational amplifier 21 . An output terminal of the 
25 operational amplifier 21 is connected to the input terminal of the analog amplifier 2 of the second circuit system through 
a coupling condenser CI . 

The reference potential 1 4 of the second circuit system 12 is supplied to the input terminal IN of the canceling circuit 
3 of the first circuit system 1 1 through a coupling condenser C2. 

In the canceling circuit 3, a resistor R15 is provided between the input terminal IN and the output terminal OUT A 
30 resistor R13 is provided between a power supply potential VDD of the first circuit system and the output terminal OUT. 
A resistor R14 is provided between the output terminal OUT and the reference potential of the first circuit system. The 
output terminal OUT of the canceling circuit 3 is connected to the non-inverting input terminal of the operational ampli- 
fier 21. 

In the embodiment shown in FIG. 2, since the input signal eh of the analog amplifier 1 swings around a ground 
35 potential, positive and negative power-supply sources are needed as a power supply for the analog amplifier 1 . In the 
case of using the single power supply, the input signal ei1 cannot swing around the ground potential. Due to this, 
another reference potential Vref must be provided. The reference potential Vref is normally set to a half of the power 
supply potential. In this case, the input signal ei1 of the analog amplifier 1 becomes as follows: 

40 eh = es + Vref 

In this case, es is an input signal, which does not include a DC component As a result, the input signal eh swings 
around the reference potential Vref. The canceling circuit 3 shown in FIG. 3 is also used as a Vref generator. The ref- 
erence potential Vref is a DC value. The Reference potential Vref is provided on a common junction of the resistors R1 3 
45 and R14 by dividing the potential between the power supply potential VDD and the reference potential 13. In a case 
where the power supply potential VDD is unstable, there can be considered a method in which a stable potential is cre- 
ated and the reference potential Vref is provided by dividing the potential between the stable potential and the reference 
potential 13. 

Unlike the embodiment shown in FIGL 2, the input terminal IN of the canceling circuit 3 shown in FIG. 3 is connected 
50 to the reference potential 1 4 of the second circuit system through the coupling condenser C2. Due to this, only AC com- 
ponent of noise Vx is input to the canceling circuit 3. In other words, DC component of noise Vx cannot be canceled. 
However, in the case of the single power supply, the output terminal of the analog amplifier 1 and the input terminal of 
the analog amplifier 2 are connected to each other through the coupling condenser C1 . In this case, since the DC com- 
ponent does not pass through the coupling condenser C1 , it is unnecessary to cancel the DC component The gain of 
55 the canceling circuit 3 against the AC component can be obtained by replacing the resistor R4 in FIG. 2 with the parallel 
connection of resistors R13 and R1 4. If the resistance value of the parallel connection is set to R4\ the following equa- 
tion can be established: 

R4'= R13 x R14/(R13+ R14) 
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To cancel noise, the following equation may be established: 

R47(R4' + R15) = 1/(A+) 
= R1/(R1+R2) 

5 

Therefore, if the following equation is established, the AC component of noise Vx can be canceled similar to the 
case of FIG 2. 

R47R15=R1/R2 

10 

(R13 x R14)/[(R13 + R14) x R15] = R1/R2 

According to the above-mentioned embodiment, one analog amplifier and the simple reference potential difference 
canceling circuit are used, so that the signal can be received and transmitted between the different circuit systems with- 
15 out generating the noise component. As a result, it is unnecessary to provide an amplifier for generating a differential 
signal and an amplifier for receiving the differential signal. Thereby, the manufacturing cost and the circuit occupying 
area can be reduced. 

Moreover, according to the above-mentioned embodiment, since the reference potential difference canceling circuit 
is also used as the Vref generator in operating the amplifier by the single power supply. As a result, increase in the 
20 number of parts can be prevented. 

FIG. 4 shows an embodiment of the present invention using a non-inverting type amplifier as an analog amplifier. 
The signal ei1 is supplied to a non-inverting input terminal of an operational amplifier 41 . An output terminal of the 
operational amplifier 41 is connected to the input terminal of the analog amplifier 2 of the second circuit system 1 2. One 
end of a resistor R41 is connected to the non-inverting input terminal of the operational amplifier 41 and one end of a 
25 resistor R42. The other end of the resistor R42 is connected to the output terminal of the operational amplifier 41. 

The reference potential 14 of the second circuit system 12 is supplied to the input terminal IN of the canceling circuit 
3. In the canceling circuit 3, the input terminal IN of the canceling circuit 3 is connected to one end of a resistor R43, 
and the other end of the resistor R43 is connected to the inverting input terminal of the operational amplifier 42. Also, 
the output terminal of the operational amplifier 42 is connected to one end of a resistor R44, and the other end of the 
30 resistor R44 is connected to the inverting input terminal of the operational amplifier 42. A non-inverting input terminal 
of the operational amplifier 42 is connected to the reference potential 13 of the first circuit system 1 1 . The output termi- 
nal of the operational amplifier 42, that is, the output terminal OUT of the canceling circuit 3 is connected to the other 
end of the resistor R41. The operational amplifier 42 serves as a buffer amplifier for supplying an output of 
Vx times (- R44/R43) at a low impedance to the output terminal OUT of the reference potential difference canceling cir- 
35 cuit 3. 

Then, gain A- of the analog amplifier 1 seen from the inverting input signal of the analog amplifier 1 , that is, the 
other end of the resistor R41 can be given as follows: 

A- = -R42/R41 

40 

. Therefore, if the following equation is given, 

R44/R43 = R41/R42 

45 the gain, which is from input terminal IN of the canceling circuit 3 to the output terminal of the amplifier 1 , 

becomes 1 . As a result, the following equation can be established. 

eo1 = ei1 x (R41 + R42) / R41 - Vx 

50 ei2 = eo1 + Vx 

= ei1 x (R41 + R42)/R41 

Then, it is possible to prevent noise Vx from appearing in the input signal ei2 of the analog amplifier 2. 

According to the above-explained embodiment, by use of one analog amplifier and the simple reference potential 
55 difference canceling circuit the signal can be received and transmitted between the different circuit systems without 
generating the noise component. As a result, the amplifier for generating a differential signal and the amplifier for receiv- 
ing the differential signal are not needed, so that the manufacturing cost and the circuit occupying area can be reduced. 

FIG. 5 is an embodiment of the present invention showing a case in which the circuit of FIG. 4 is ]operated by a 
single power supply. 
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In the embodiment of FIG. 5, a non-inverting type amplifier is used as the analog amplifier 1 . The signal ei1 is sup- 
plied to a non-inverting input terminal of an operational amplifier 51 . A inverting input terminal of the operational ampli- 
fier 51 is connected to one end of the resistor R41 , and the other end of the resistor R41 is connected to the output 
terminal OUT of the canceling circuit 3. Also, the inverting input terminal of the operational amplifier 51 is connected to 
5 one end of the resistor R42, and the other end of the resistor R42 is connected to the output terminal of the operational 
amplifier 51 . The output terminal of the operational amplifier 51 is connected to the input terminal of the analog amplifier 

2 of the second circuit system through the coupling condenser C1. The input terminal IN of the canceling circuit 3 is 
connected to the reference potential 14 of the second circuit system through the coupling condenser C2. 

In the canceling circuit 3, the input terminal IN of the canceling circuit 3 is connected to one end of the resistor R43, 
10 and the other end of the resistor R43 is connected to the inverting input terminal of an operational amplifier 52. The 
inverting input terminal of the operational amplifier 52 is connected to one end of the resistor R44, and the other end of 
the resistor R44 is connected to the output terminal of the operational amplifier 52. A non-inverting input terminal of the 
operational amplifier 52 is connected to another reference potential Vref having a constant potential difference to the 
reference potential 13 of the first circuit system. As mentioned in the explanation of FIG. 3, the reference potential Vref 
is is supplied from a voltage divider using the power supply potential VDD and the reference potential 1 3 or using the con- 
stant power supply. 

In this embodiment, AC component of Vx can be canceled by satisfying the equation shown in the embodiment of 
FIG. 4. Specifically, if R44/R43 = R41/R42 is established, the gain, which is from the input terminal IN of the canceling 
circuit 3 to the output terminal of the analog amplifier 1 , becomes 1 . As a result, noise of the input signal of the analog 
20 amplifier 2 can be canceled. In this embodiment, similar to the embodiment of FIG. 3, the canceling circuit 3 is also used 
as Vref generator. 

Thus, according to the above-explained embodiment, by use of one analog amplifier and the simple reference 
potential difference canceling circuit, the signal can be received and transmitted between the different circuit systems 
without generating the noise component. As a result, the amplifier for generating a differential signal and the amplifier 
25 for receiving the differential signal are not needed, so that the manufacturing cost and the circuit occupying area can be 
reduced. 

Moreover, according to the above-mentioned embodiment, since the reference potential difference canceling circuit 
is also used as the Vref generator in operating the amplifier by the single power supply. As a result, increase in the 
number of parts can be prevented. 
30 FIG. 6 is an embodiment showing a case of using a differential amplifier as the analog amplifier 1. 

In this embodiment, the signal ei- is supplied to one end of a resistor R61 , and the other end of the resistor R61 is 
connected to an inverting input terminal of an operational amplifier 61 . The inverting input terminal of the operational 
amplifier 61 is connected to one end of a resistor R62, and the other end of the resistor R62 is connected to the output 
of the operational amplifier 61 . The signal ei+ is supplied to one end of a resistor R63, and the other end of the resistor 
35 R63 is connected to the non-inverting input terminal of the operational amplifier 61 . The output terminal of the opera- 
tional amplifier 61 is connected to the input terminal of the analog amplifier s of the second circuit system 12. 

The reference potential 14 of the second circuit system is supplied to the input terminal IN of the canceling circuit 

3 of the first circuit system 1 1 . The canceling circuit 3 comprises a resistor R64, and R65. One end of the resistor R64 
is connected to the input terminal IN of the canceling circuit 3, and the other end of the resistor R64 is connected to the 

40 output terminal OUT of the canceling circuit 3. One end of a resistor R65 is connected to the other end of the resistor 
R64, and the reference potential 1 3 of the first circuit system is supplied to the other end of the resistor R65. The output 
terminal OUT of the canceling circuit 3 is connected to the non-inverting input terminal of the operational amplifier 61 . 
In this embodiment, the output signal eo1 of the analog amplifier 1 can be expressed as follows: 

45 eo1 = [(R61 + R62J/R61] x [R64V(R63 + R64*)] x (ei +) - R62/R61 x (ei-) 

where, R64' = R64 x R65/(R64 + R65) 
Similar to the case shown in FIG. 2, the gain A+ of the analog amplifier 1 seen from the non-inverting input terminal 
can be expressed as follows: 

50 

A+ = (R61 + R62)/R61. 

Moreover, the gain A', which is from the input terminal IN of the canceling circuit 3 to the output terminal OUT, can 
be expressed as follows: 

55 

A' = R637(R63* + R64) 

where, R63' = R63 x R65/(R63 + R65) 
If the equation. A* = 1/(A+) , is established, Vx can be canceled. 
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Therefore, R637(R63' + R64) = R61/(R61 + R62) may be established. 
Then, if the following equation is given. Vx can be canceled. 

R63YR64 = R61/R62 

R63 x R65/[(R63 + R65) x R64] = R61/R62. 

Thus, according to the above-explained embodiment, by use of one analog amplifier and the simple reference 
potential difference canceling circuit, the signal can be received and transmitted between the different circuit systems 
without generating the noise component As a result, the amplifier for generating a differential signal and the amplifier 
for receiving the differential signal are not needed, so that the manufacturing cost and the circuit occupying area can be 
reduced. 

FIG. 7 is an embodiment of the present invention showing a case in which the circuit of FIG. 6 is operated by a sin- 
gle power supply. 

In the embodiment of FIG. 7, the differential analog amplifier 1 is the same as the differential analog amplifier of 
FIG. 6. An output terminal of an operational amplifier 71 is connected to the input terminal of the analog amplifier 2 of 
the second circuit 1 2 of the second circuit system 1 2 through the coupling condenser C1 . The reference potential 1 4 of 
the second circuit system is supplied to the input terminal IN of the canceling circuit 3 through the coupling condenser 
C2. 

The canceling circuit 3 comprises resistors R64, R65, and R66. Power potential VDD of the first circuit system is 
supplied to one end of the resistor R66, and the other end of the resistor R66 is connected to the output terminal OUT 
of the canceling circuit 3. One end of the resistor R65 is connected to the other end of the resistor R66, and the refer- 
ence potential 13 of the first circuit system 1 is supplied to the other end of the resistor RS5. One end of the resistor 
R64 is connected to the input terminal IN of the canceling circuit 3, and the other end of the resistor R64 is connected 
to the connection point between the resistors R65 and R66. The output terminal OUT of the canceling circuit 3 is con- 
nected to a non-inverting input terminal of an operational amplifier 71 . 

In this embodiment, the resistor R65 of FIG. 6 is replaced with R65 x R66/(R65 + R66) , so that the resistance con- 
dition for canceling Vx can be obtained. Similar to the embodiments of FIGS. 3 and 5, the canceling circuit 3 of this 
embodiment is also used as a Vref generator. 

Thus, according to the above-explained embodiment, by use of one analog amplifier and the simple reference 
potential difference canceling circuit, the signal can be recaved and transmitted between the different circuit systems 
without generating the noise component. As a result, the amplifier for generating a differential signal and the amplifier 
for receiving the differential signal are not needed, so that the manufacturing cost and the circuit occupying area can be 
reduced. 

Moreover, according to the above-mentioned embodiment, since the reference potential difference canceling circuit 
is also used as the Vref generator in operating the amplifier by the single power supply. As a result, increase in the 
number of parts can be prevented. 

FIG. 8 is an embodiment showing a case in which a line for connecting the input terminal IN of the canceling circuit 
3 to the second reference potential of the second circuit system is shared when the circuit shown in FIG. 3 is provided 
for two channels. 

In this embodiment analog amplifiers 1 a and 1b and canceling circuits 3a and 3b. which are similar to those shown 
in FIG. 3. are provided in the first circuit system 1 1 . The output signals of the analog amplifiers 1a and 1b are supplied 
to the input analog amplifiers 2a and 2b of the second circuit system 12 through coupling condensers C1a and C1b. 
respectively. The input terminals IN of the canceling circuits 3a and 3b are connected to the reference potential 14 of 
the second circuit system 12 through a common coupling condenser C2. 

Thus, according to this embodiment, the signal can be received and transmitted between the different circuit sys- 
tems without generating the noise component Moreover, the number of condenser C2 for cutting the DC component 
can be one. so that the number of signals lines and the number of parts of the circuit can be reduced. 

Similarly, in a case where three or more channels are provided in the circuit, the input signal line for the canceling 
circuit can be shared. 

The embodiment of FIG. 8 shows the case of the single power supply. However, even in the case of two power sup- 
plies as shown in FIG. 2, the connection line between the canceling circuit and the reference potential of the second 
circuit system can be shared. 

Similar to FIG. 8, FIG. 9 is an embodiment showing a case in which an input signal line of the canceling circuit 3 is 
shared when the circuit shown in FIG. 5 is provided for two channels. 

In this embodiment, in the first circuit system, two analog amplifiers la and 1 b, which are the same as described in 
FIG. 5, and two reference potential difference canceling circuits 3a and 3b, which are the same as described in FIG. 5, 
are provided. The output signals of analog amplifiers 1a and 1 b are supplied to input amplifiers 2a and 2b of the second 
circuit system through coupling condenser C1a and C1b, respectively. The input terminal IN of each of the canceling 
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circuits 3a and 3b is connected to the reference potential 14 of the second circuit system through the common con- 
denser C2. 

According to this embodiment, the signal can be received and transmitted between the different circuit systems 
without generating the noise component Similar to the embodiment of FIG. 8, the increase in the number of signal lines 
5 and the number of parts can be prevented. 

Moreover, in the case of three or more channels, the input signal line of the canceling circuit 3 can be used as a 
common input signal line. 

The embodiment of FIG. 9 showed the case of the single power source. However, even in the case of two power 
supplies as shown in FIG. 4, the connection line between the input terminal of the canceling circuit 3 and the reference 
w potential of the second circuit system can be used as a common connection line. 

FIG. 10 shows an embodiment in which the reference potential difference canceling circuit 3 is used as a common 
circuit when the circuit shown in FIG. 3 is provided for two channels. 

In the first circuit system 1 1 , one canceling circuit 3, which is the same as shown in FIG. 3, and two inverting type 
analog amplifiers 1a and 1b, which are the same as shown in FIG. 3. are provided. The output signals of the analog 
15 amplifiers 1a and 1b are supplied to the input amplifiers 2a and 2b of the second circuit system through the coupling 
condensers C1a and C1b, respectively. The input terminal IN of the canceling circuit 3 is connected to the reference 
potential 14 of the second circuit system through the coupling condenser C2. Trie output terminal OUT of the canceling 
circuit 3 is connected to the non-inverting input terminal of the operational amplifier 21a of the analog amplifier 1a and 
the non-inverting input terminal of the operational amplifier 21b of the analog amplifier 1b. 
20 According to this embodiment, the signal can be received and transmitted between the different circuit systems 
without generating the noise component. The number of parts can be more reduced than the embodiment of FIG. 8. 

Moreover, in the case of three or more channels, the canceling circuit 3 can be used as a common circuit. 

The embodiment of FIG. 10 showed the case of the single power supply However, even in the case of two power 
supplies as shown in FIG. 2, the canceling circuit 3 can be used as a common circuit. 
25 FIG. 1 1 shows an embodiment in which the reference potential difference canceling circuit 3 is used as a common 
circuit when the circuit shown in FIG. 5 is provided for two channels. 

In the first circuit system 1 1 , one canceling circuit 3, which is the same as shown in FIG. 5, and two inverting type 
analog amplifiers la and 1b, which are the same as shown in FIG. 5, are provided. The output signals of the analog 
amplifiers 1 a and 1 b are supplied to the input amplifiers 2a and 2b of the second circuit system 1 2 through the coupling 
30 condensers C1a and Clb. respectively. The input terminal IN of the canceling circuit 3 is connected to the second ref- 
erence potential of the second circuit system through the coupling condenser C2. The output terminal OUT of the can- 
celing circuit 3 is connected to each of the inverting input terminals of operational amplifiers 51a and 51b through each 
of resistors R41 a and R41 b. 

According to this embodiment, the signal can be received and transmitted between the different circuit systems 
35 without generating the noise component. The number of parts can be more reduced than the embodiment of FIG. 9. 
Even in a case of three or more channels, the canceling circuit 3 can be used as a common circuit 
The embodiment of FIG. 1 1 showed the case of the single power supply. However, even in the case of two power 
supplies as shown in FIG. 4, the canceling circuit 3 can be used as a common circuit. 
FIG. 12 shows an analog amplifier using a switched capacitor. 
40 In the circuit shown in FIG. 12, the resistors R1 and R2. which are connected to the operational amplifier 21 of the 
analog amplifier 1 shown in FIG. 2, are replaced with the switched capacitor. 

As shown in FIG. 13. the switched capacitor comprises a capacitor C. a switch SWa and a switch SWb. The switch 
SWa has a movable contact which is connected to the first terminal of the capacitor C. and a fixed contact, which is 
connected to a terminal a and the reference potential. The switch SWb has a movable contact, which is connected to 
45 the second terminal of the capacitor C, and a fixed contact, which is connected to a terminal b and the reference poten- 
tial. The switched capacitor can be considered to be equivalent to the resistor R of FIG. 13 by the following equation. 

T/C = R 

so In this case, T shows a period of the opening and closing of each of SWa and SWb. This equation can be estab- 
lished when the frequency of the signal is sufficiently low against f = 1/T . SW1. SW2, and C1 1 of FIG. 12 correspond 
to R1 of FIG. 2. and SW2, SW3, and C2 correspond to R2 of FIG. 2. 

Even in the circuit using the switched capacitor, the same advantage as in the above embodiments using the resis- 
tor can be obtained. Moreover, since the resistor value R can be changed by changing the period T, variations in the 

55 manufacture can be controlled. 

Claims 

1 . An amplifier characterized by comprising: 
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a first circuit system (1 1) having an analog amplifier (1) for amplifying a transmitting signal (ei1) based on a ref- 
erence potential (13) of the first circuit system; 

a second circuit system (12) for receiving an output signal of said analog amplifier (1) based on a reference 
potential (14) of the second circuit system; and 
5 a reference potential difference canceling circuit (3) wherein the reference potential (14) of said second circuit 

system is supplied to an input terminal (IN), an output signal is supplied to the input terminal of said analog 
amplifier (1 ) together with said transmitting signal, and a gain, from the input terminal (IN) to an output terminal 
of said analog amplifier (1 ), is 1 . 

10 2. The amplifier according to claim 1, characterized in that said analog amplifier (1) comprises: 

an operational amplifier (21) having an inverting input terminal and a non-inverting input terminal; 
a first resistor (R1) having one end to which said transmitting signal (ei1) is supplied, and the other end con- 
nected to the inverting input terminal of said operational amplifier (21); and 
15 a second resistor (R2) having one end connected to the inverting input terminal of said operational amplifier 

(21), and the other end connected to the output terminal of said operational amplifier (21); 
said reference potential difference canceling circuit (3) comprises: 

a third resistor (R3) having one end connected to the input terminal (IN) of said reference potential differ- 
20 ence canceling circuit, and the other end connected to the non-inverting input terminal of said operational 

amplifier (21); and 

a fourth resistor (R4) having one end connected to the other end of said third resistor (R3), and the other 
end to which the reference potential (1 3) of said first circuit system is supplied. 

25 3. The amplifier according to claim 1 , characterized in that said analog amplifier (1) comprises: 

an operational amplifier (21) having an inverting input terminal and a non-inverting input terminal; 
a first resistor (R1) having one end to which said transmitting signal (eh) is supplied, and the other end con- 
nected to the inverting input terminal of said operational amplifier (21); and 
30 a second resistor (R2) having one end connected to the inverting input terminal of said operational amplifier 

(21), and the other end connected to the output terminal of said operational amplifier (21); 
said reference potential difference canceling circuit (3) comprises: 



35 



a third resistor (R1 3) having one end to which a power supply potential (VDD) of said first circuit system is 
supplied, and other end connected to the non-inverting input terminal of said operational amplifier (21); 
a fourth resistor (R1 4) having one end connected to the other end of said third resistor (R1 3). and the other 
end to which the reference potential (1 3) of said first circuit system is supplied; and 
a fifth resistor (R15) having one end connected to the input terminal (IN) of said reference potential differ- 
ence canceling circuit, and the other end connected to a connection point between said third and fourth 
40 resistors (R1 3, R14). 

4. The amplifier according to claim 1 , characterized in that said analog amplifier (1 ) comprises: 

a first operational amplifier (41) having a non-inverting input terminal to which said transmitting signal (ei1) is 
45 supplied; 

a first resistor (R41) having one end connected to the inverting input terminal of said first operational amplifier 
(41); and 

a second resistor (R42) having one end connected to the inverting input terminal of said first operational ampli- 
fier (41), and the other end connected to an output terminal of said first operational amplifier (41); 
50 said reference potential difference canceling circuit (13) comprises: 

a second operational (42) amplifier having a non-inverting input terminal to which the reference potential 
(13) of said first circuit system is supplied, and an output terminal connected to the other end of said fast 
resistor (R41); 

55 a third resistor (R43) having one end connected to the input terminal (IN) of said reference potential differ- 

ence canceling circuit, and the other end connected to the inverting input terminal of said second opera- 
tional amplifier (42); and 

a fourth resistor (R44) having one end connected to the inverting input terminal of said second operational 
amplifier (42), and the other end connected to the output terminal of said second operational amplifier (42). 
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5. The amplifier according to claim 1 , characterized in that said analog amplifier (1) comprises: 

a first operational amplifier (51) having a non-inverting input terminal to which said transmitting signal (ei1) is 
supplied; 

5 a first resistor (R41) having one end connected to the inverting input terminal of said first operational amplifier 

(51); and 

a second resistor (R42) having one end connected to the inverting input terminal of said first operational ampli- 
fier (51), and the other end connected to an output terminal of said first operational amplifier (51); 
said reference potential difference canceling circuit (3) comprises: 

10 

a second operational amplifier (52) having a non-inverting input terminal to which a third reference poten- 
tial (Vref) having a constant potential to the reference potential (13) of said first circuit system is supplied, 
and an output terminal connected to the other end of said first resistor (R41); 

a third resistor (R43) having one end connected to an input terminal (IN) of said reference potential differ- 
15 ence canceling circuit, and the other end connected to an inverting input terminal of sad second opera- 

tional amplifier (52); and 

a fourth resistor (R44) having one end connected to the inverting input terminal of said second operational 
amplifier (52), and the other end connected to the output terminal of said second operational amplifier (52). 

20 6. The amplifier according to claim 1 , characterized in that said analog amplifier (1) comprises: 

an operational amplifier (61) having an inverting input terminal and a non-inverting input terminal; 
a first resistor (R61 ) having one end to which a first transmitting signal (ei-) is supplied, and the other end con- 
nected to the inverting input terminal of said operational amplifier (61); 
25 a second resistor (R62) having one end connected to the inverting input terminal of said operational amplifier 

(61), and the other end connected to an output terminal of said operational amplifier (61); and 
a third resistor (R63) having one end to which a second transmitting signal (ei+) is supplied, and the other end 
connected to the non-inverting input terminal of said operational amplifier (61); 
said reference potential difference canceling circuit (3) comprises: 

30 

a fourth resistor (R64) having one end connected to the input terminal (IN) of said reference potential dif- 
ference canceling circuit, and the other end connected to the non-inverting input terminal of said opera- 
tional circuit (61); and 

a fifth resistor (R65) having one end connected to the other end of said fourth resistor (R64), and the other 
35 end to which the reference potential (1 3) of said first circuit system is supplied. 

7. The amplifier according to claim 1 , characterized in that said analog amplifier (1 ) comprises: 

an operational amplifier (71) having an inverting input terminal and a non-inverting input terminal; 
40 a first resistor (R61 ) having one end to which a first transmitting signal (ei-) is supplied and the other end con- 

nected to the inverting input terminal of said operational amplifier (71); 

a second resistor (R62) having one end connected to the inverting input terminal of said operational amplifier 
(71), and the other end connected to an output terminal of said operational amplifier (71); and 
a third resistor (R63) having one end to which a second transmitting signal (ei+) is supplied and the other end 
45 connected to the non-inverting input terminal of said operational amplifier (71); 

said reference potential difference canceling circuit (3) comprises: 

a fourth resistor (R64) having one end connected to the input terminal (IN) of said reference potential dif- 
ference canceling circuit, and the other end connected to the non-inverting input terminal of said opera- 
50 tional amplifier (71); 

a fifth resistor (R65) having one end connected to the other end of said fourth resistor (R64), and the other 
end to which the reference potential (1 3) of said first circuit system is supplied; and 
a sixth resistor (R66) having one end to which a power supply potential (VDD) of said first circuit system 
is supplied, and the other end connected to the other end of said fourth resistor (R64). 

55 

8. The amplifier according to claims 3 and 7, characterized in that said reference potential difference canceling circuit 
(3) is also used as a reference d.c. potential generator of a single power supply amplifier. 

9. The amplifier according to claims 3, 5 and 7, characterized in that the output terminal of the analog amplifier (1) of 
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said first circuit system and the input terminal of said second circuit system (12) are connected through a coupling 
condenser (C1 ); and 

the input terminal (IN) of said reference potential difference canceling circuit and the reference potential (14) 
of said second circuit system are connected through the coupling condenser (C2). 

5 

10. The amplifier according to claims 2, 3, 4, 5, 6 and 7, characterized in that each of said first and second resistors 
comprises a switched capacitor. 

1 1 . The amplifier according to claim 1 , characterized in that a plurality of said analog amplifiers (1a, 1 b) is provided; 
10 said reference potential difference canceling circuit (3a, 3b) is provided in each of said plurality of said ana- 
log amplifiers one by one; and 

the input terminal of each of said reference potential difference canceling circuits is connected to the refer- 
ence potential of said second circuit system through a common signal line. 

15 1 2. The amplifier according to claim 1 , characterized in that a plurality of the analog amplifiers (1 a, 1 b) is provided; and 
a common reference potential difference canceling circuit (3) is provided to each of said plurality of the ana- 
log amplifiers. 
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